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A  pulsed  field  desorption  time-of-flight  mass  spectrometer  was  designed  and 
tested.  Second-order  energy  focusing  was  achieved  using  a  two-stage  electrostatic 
reflector.  Ions  were  formed  by  applying  a  80-150  ns  negative  pulse  of  2200  volts 
to  a  counter  electrode  spaced  50-200  micrometers  away  from  either  silicon  or  car¬ 
bon  activated  emitters.  The  interaction  of  the  high  voltage  pulse  with  the  ion 
packet  caused  a  large  spread  in  the  ion  energy  and  limited  mass  resolution  to  only 
400  at  m/z  152.  In  separate  experiments  using  a  pulsed  laser  to  produce  ions,  a 
time  resolution  of  1450  was  obtained  at  m/z  242. 
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INTRODUCTION 


Of  the  numerous  analytical  tools  now  available  for  identifying  and 
quantifying  chemical  substances,  mass  spectrometry  is  probably  the  most 
versatile  and  sensitive.  For  many  analytical  problems  in  biochemistry, 
bacteriology,  and  environmental  studies,  however,  mass  spectrometric  methods 
are  of  limited  effectiveness  because  the  chemical  or  biological  species  to 
be  measured  are  not  volatile  enough  or  are  unstable  when  heated.  It  is 
well  known  that  field  desorption  ionization  provides  a  method  of  ionizing 
^hese  difficult  molecules  without  the  necessity  of  vaporizing  them  first. 

The  samples  are  placed  directly  on  the  field  desorption  emitter,  and 
ionization  occurs  on  the  surface.  However,  before  the  technique  can  be 
used  routinely,  especially  for  quantitative  measurements,  more  needs  to 
be  known  about  the  factors  relating  the  desorbed  ion  current  to  the  nature 
and  condition  of  the  sample  and  to  the  conditions  of  operation  of  the  field 
desorption  source. 

This  project  had  two  primary  objectives.  The  first  was  to  develop  a 
pulsed  field  desorption  time-of-f light  mass  spectrometer  using  an  electro¬ 
static  mirror  to  obtain  second -order  focusing  with  respect  to  energy.  The 
second  objective  was  to  use  this  mass  spectrometer  system  to  study  the 
mechanism  of  field  desorption,  including  the  kinetics  of  ion  formation 
following  the  onset  of  the  imposition  of  the  high  electric  field  used  for 
field  desorption. 
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EXPERIMENTAL  PROCEDURES 


Pulsed  Field  Desorption 

The  pulsed  field  desorption  time-of-f light  mass  spectrometer  constructed 
for  this  project  is  described  in  detail  in  a  paper  accepted  for  publication 
in  the  International  Journal  of  Mass  Spectrometry  and  Ion  Physics.  A  pre¬ 
print  of  this  paper  is  attached  as  the  Appendix.  The  major  features  of 
this  instrument  are  (1)  a  heated  desorption  probe  that  allows  direct  measure¬ 
ment  of  the  temperature  of  the  field  desorption  emitter  during  a  pulsed 
field  desorption  experiment,  (2)  an  electrostatic  mirror  that  provides 
second-order  energy  focusing  with  respect  to  ion  times  of  flight  (after 
the  design  described  by  Mamyrin) ,  and  (3)  a  40-mm-diameter  multichannel 
plate  detector. 

The  instrument  can  be  operated  in  the  field  desorption  mode,  in  which 
samples  are  placed  directly  on  the  silicon  activated  or  carbon  activated 
emitter.  It  can  also  be  operated  in  the  field  ionization  mode,  in  which 
the  sample  is  introduced  directly  into  the  vacuum  envelope  of  the  mass 
spectrometer  through  a  micrometering  valve. 

As  described  in  the  Appendix,  the  interaction  of  the  ions  formed  by 
field  desorption  with  the  second  half  of  the  high  voltage  pulse  produced 
a  wide  spread  in  ion  energies,  typically  over  300  volts  for  a  nominal  ion 
energy  of  1500  volts.  Although  the  electrostatic  reflector  successfully 
compensated  for  much  of  this  very  wide  energy  spread,  the  limiting  time- 
of-f light  resolution  at  m/z  152  was  only  about  400.  This  large  energy 
spread  is  unavoidable  with  the  present  design  because  the  ion  packet 
travels  such  a  short  distance  during  the  80-150  ns  duration  of  the  high 
voltage  pulse. 


Because  high  voltage  pulses  were  not  capable  of  providing  very  short 
pulses  of  field  desorbed  ions  of  uniform  energy,  we  were  unable  to  conduct 
the  planned  studies  of  the  time  dependence  of  ion  formation  during  the  field 
desorption  process.  However,  if  the  time-of-f light  mass  spectrometer  is 
operated  with  only  dc  voltages,  the  instrument  is  capable  of  measuring  the 
time  dependence  of  other  ion  formation  processes.  We  therefore  took  advantage 
of  an  opportunity  to  evaluate  the  use  of  a  pulsed  laser  to  produce  narrow 
packets  of  ions  for  time-of-f light  mass  analysis.  The  laser  was  a  Quanta- 
Ray  DCR1  Nd:YAG  laser,  which  has  a  10-ns  pulse  width.  The  main  beam  of  this 
laser  has  a  wavelength  of  1064  nm,  and  it  was  partially  doubled  to  a  wave¬ 
length  of  132  nm  in  tne  green.  The  presence  of  the  visible  component  in 
the  beam  greatly  increased  the  convenience  and  safety  of  the  experiments 
because  it  made  the  laser  beam  visible  to  the  operator.  No  significant 
wavelength  dependence  of  the  pulsed  laser  desorption  was  found  when  these 
two  wavelengths  were  compared. 

In  the  pulsed  laser  mode  of  operation,  the  emitter  was  maintained  at 
a  constant  potential  of  1700  volts.  A  grounded  grid  was  positioned  approxi¬ 
mately  120  um  from  the  emitter.  The  laser  beam  was  directed  and  partially 
focused  onto  the  emitter  through  the  grid  in  near  normal  incidence  (approxi¬ 
mately  15°) .  The  ions  formed  as  a  result  of  the  laser  pulse  were  rapidly 
accelerated  to  the  grounded  grid,  focused  by  an  Einzel  lens,  and  deflected 
by  two  pairs  of  parallel  plates  into  the  electrostatic  reflector  located 
approximately  one  meter  away.  The  multichannel  plate  detector  was  located 
directly  above  the  ion  source. 

Many  emitter  materials  were  tried,  including  silicon-whisker-activated 
tungsten  rods,  polished  tungsten  rods,  broken  tungsten  rods,  gold-coated 
tungsten  rods,  gold-coated  silicon-whisker-activated  rods,  silver  alloy 
brazing  rods,  and  silver-coated  rods.  All  emitters  gave  similar  results. 

Spectra  were  recorded  in  two  ways.  At  very  low  signal  strength,  it 
was  possible  to  record  time-of-f light  spectra,  using  a  time-to-amplitude 
converter  (TAC)  and  a  multichannel  analyzer.  In  this  experiment,  the  laser 


trigger  pulse  served  as  the  start  pulse  for  the  TAC  and  the  detection  of 
an  ion  at  the  multichannel  plate  served  as  the  stop  pulse.  It  was  necessary 
to  restrict  this  mode  of  data  collection  to  very  low  signal  strength  because, 
on  the  average,  fewer  than  one  ion  per  laser  pulse  could  be  recorded  without 
distorting  the  spectra. 

The  second  mode  of  recording  time-of-flight  spectra  was  to  photograph 
the  screen  of  a  100-MHz  storage  oscilloscope.  This  method  requires  relatively 
large  signals  from  each  laser  pulse,  which  were  readily  available. 
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RESULTS 


Pulsed  Field  Desorption 

The  main  experimental  results  from  the  pulsed  field  desorption 
experiments  are  described  in  the  Appendix.  Briefly,  we  found  that  the 
silicon-activated  emitters  of  the  rod  geometry  generally  gave  poor 
sensitivities  in  the  pulsed  field  desorption  mode  for  compounds  such  as 
arginine,  adenosine,  and  sucrose.  Very  large  signals  could  easily  be 
observed  for  Li  ,  Na  ,  and  K  at  temperatures  of  200°.  In  view  of  the 
previous  good  results  obtained  by  other  workers  with  silicon  emitters  in 
the  normal  ac  FD  configuration,  our  results  suggest  that  the  high  electric 
field  used  in  field  desorption  is  important  in  the  transport  of  molecules 
on  the  surface  of  the  emitter  to  the  active,  field  desorbing  site. 

The  instrument  was  also  tested  in  the  field  ionization  mode  of  operation, 
in  which  methyl  salicylate  vapor  was  introduced  into  the  mass  spectrometer 
vacuum  system.  The  field  ionization  signal  went  down  as  emitter  temperature 
was  Increased.  Nonetheless,  the  field  ionization  signal  was  much  stronger 
than  could  be  obtained  for  field  desorption  of  polar  organic  compounds. 

Taken  together,  the  above  results  suggest  the  following  picture  for 
the  field  desorption  process.  The  probability  that  a  molecule  will  be 
ionized  and  subsequently  field  desorbed  is  proportional  to  the  amount  of 
time  that  the  molecule  spends  on  the  field  desorbing  sites  of  the  emitter. 
Sample  molecules  leave  the  emitter  at  high  temperatures  owing  to  normal 
thermal  evaporation  and/or  decomposition.  Molecules  are  transported  to 
the  field  desorbing  sites  by  both  diffusion  over  the  surface  and,  more 
important,  by  the  attractive  interaction  between  the  permanent  dipole  of 
the  molecule  and  the  very  high  electric  fields  at  the  field  desorbing  sites. 

As  emitter  temperatures  are  increased,  the  mobility  of  the  sample  molecules 
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on  the  emitter  surface  increases.  However,  the  rate  of  evaporation  of 
the  sample  also  increases.  The  completition  between  these  two  effects 
accounts  for  the  well-known  observation  that  for  each  compound  there  is 
a  "best  emitter  temperature",  or  BET. 

Laser  Desorption  Experiments 

Two  modes  of  ion  formation  could  be  obtained  readily  using  the  pulsed 

laser  irradiation.  At  low  laser  powers,  which  were  measured  to  be  less 

2 

than  approximately  20  MW/cm  ,  a  phenomenon  occurred  that  can  be  described 
as  photodesorption  of  ionic  species.  Substances  that  normally  exist  in 
ionic  form,  such  as  salts  of  lithium,  sodium,  cesium,  potassium,  barium, 
and  tetra  alkyl  ammonium  compounds,  are  desorbed  from  the  emitter  during 
the  laser  pulse.  Thousands  of  ions  of  these  species  were  desorbed  and 
detected  for  each  laser  pulse.  Saturation  of  the  multichannel  plate 
detector  was  frequently  observed  when  monitoring  these  ions  at  relatively 
low  laser  power. 

2 

At  higher  laser  powers  (greater  than  20  MW/cm  ),  a  new  phenomenon 
was  observed.  At  these  powers,  the  very  large  ion  currents  produced 
threatened  to  overload  the  multichannel  plate  detector.  The  duration  of 
these  ion  pulses  exceeded  100  ys,  the  normal  observation  time  in  our 
experiments. 

We  believe  that  the  source  of  these  large,  persistent  ion  currents 
is  a  surface  plasma  formed  on  the  emitter.  At  the  higher  laser  powers, 
electrical  breakdown  of  the  emitter  surface  occurs,  and  the  resulting 
plasma  is  opaque  to  the  laser  radiation.  When  breakdowns  occur  during 
the  early  part  of  the  laser  pulse,  essentially  all  the  subsequent  energy 
is  completely  absorded.  In  contrast,  the  major  fraction  of  the  laser 
energy  is  reflected  when  electrical  breakdown  does  not  occur  on  the  emitter 
surface. 
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This  model  accounts  for  the  observed  very  rapid  changeover  from 
photodesorption  to  the  plasma  mode  of  ion  formation  with  increasing  laser 
power.  Changing  the  laser  power  by  less  than  a  factor  of  two  completely 
changes  the  mode  cf  ion  formation  from  photodesorption  to  surface  plasma. 

Because  of  the  very  long  duration  of  the  surface  plasma  ion  process 
and  the  very  large  ion  signals  produced,  very  few  experiments  were  performed 
in  this  mode  of  operation.  Even  though  time-of-f light  mass  analysis  was 
not  possible  for  these  persistent  ion  currents,  it  was  noticed  that  with 
sucrose  as  a  sample  a  large  signal  did  begin  at  approximately  the  arrival 
time  for  the  quasi-molecular  ion  of  sucrose. 

Operation  of  the  time-of-f light  mass  spectrometer  with  pulsed  laser 
desorption  of  ionic  species  at  relatively  low  laser  powers  allowed  us  to 
demonstrate  the  high  mass  resolution  expected  from  the  electrostatic 
reflector  configuration.  The  tetraethyl  ammonium  ion  at  m/ z  242  could 
be  recorded  on  the  100-MHz  storage  oscilloscope  with  a  full  width  at 
half  height  of  only  50  ns.  The  arrival  time  of  this  peak  was  72.67  ms, 
which  gives  a  time  resolution  of  1450.  For  a  constant  peak  width  in  time, 
the  mass  resolution  of  the  time-of-f light  mass  spectrometer  increases  as 
the  square  root  of  the  ion  mass.  Therefore,  these  results  indicate  the 
potential  for  unit  mass  resolution  at  masses  over  2000  using  the  present 
time-of-f light  mass  spectrometer  configuration.  The  desirability  of  using 
the  ion  reflector  principle  with  other  methods  of  pulsed  ion  formation, 
such  as  plasma  desorption,  is  apparent. 

The  photodesorption  of  ionic  species  appeared  to  be  confined  to 
substances  that  are  clearly  present  on  the  emitter  surface  in  ionic  form. 
Several  experiments  were  attempted  in  which  samples  of  sucrose,  arginine, 
and  adenosine  with  various  salts  were  tested  at  low  laser  power.  In  all 
but  one  case,  we  failed  to  observe  any  detectable  molecular  ion.  In  one 
case,  using  the  multichannel  scaler  and  TAC,  it  was  possible  to  record  a 
weak  spectrum  of  sucrose.  This  experiment  was  quite  difficult,  however, 
because  of  the  tendency  of  the  system  to  slip  over  into  the  surface  plasma 
mode  of  ion  formation. 
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CONCLUSIONS 


The  results  of  this  research  demonstrate  that  the  pulsed  field 
desorption  technique  is  valuable  for  investigating  the  formation  of  ions 
from  molecules  adsorbed  on  surfaces.  The  coupling  of  the  pulsed  laser 
desorption  technique  with  time-of-f light  mass  analysis  demonstrates  that 
field  ionization  does  not  occur  as  gaseous  sample  molecules  pass  through 
the  high  field  region  near  FD-FI  emitters.  The  incorporation  of  the  ion 
reflection  technique  enhances  the  mass  resolution  of  the  time-of-f light 
mass  analysis  to  the  extent  that  ion  arrival  time  widths  are  direct 
indications  of  ion  formation  time,  and  it  maintains  the  high  ion  collection 
efficiency  characteristic  of  time-of-f light  mass  analysis.  Silicon  emitters 
produced  satisfactory  results  in  field  ionization  experiments. 
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Appendix 

PULSED  FIELD  DESORPTION  MASS  SPECTROMETRY: 

A  TECHNIQUE  FOR  INVESTIGATING 
FIELD  DESORPTION  ION  FORMATION  MECHANISMS 

R.  W.  Odom,  S.  E.  Buttrill,  Jr.,  R.  H.  Fleming, 

M.  Rossi,  L.  N.  Goeller,  and  W.  Gohl 

SRI  International,  Menlo  Park,  CA  94025 

ABSTRACT 

Field  desorption  mass  spectra  of  thermally  labile  compounds  are 
readily  obtained  using  a  new  pulsed  field  desorption  (PFD)  time-of- 
f light  (TOF)  mass  spectrometer.  Ions  are  formed  by  applying  a  short 
high  voltage  pulse  to  the  cathode  of  a  field  desorption  source.  The 
resolution  of  the  subsequent  TOF  mass  analysis  is  significantly  in¬ 
creased  by  incorporation  of  an  electrostatic  reflector  into  the  ions 
flight  path.  The  spectra  of  methyl  salicylate,  perylene,  arginine, 
and  adenosine  are  discussed  in  terms  of  the  predominant  ionization 
mechanisms  occurring  under  PFD  conditions. 


INTRODUCTION 


Since  its  introduction  as  an  analytical  technique  in  1969  (1),  field 
desorption  mass  spectrometry  (FDMS)  has  been  increasingly  applied  (2-6) 
to  the  mass  analysis  of  nonvolatile  and  thermally  labile  compounds.  The 
primary  reason  for  this  increased  application  of  the  field  desorption  (FD) 
ionization  technique  is  that  it  provides  a  method  for  directly  ionizing 
molecules  adsorbed  on  a  surface  and  results  in  minimal  thermal  decom¬ 
position  of  the  adsorbed  neutrals.  According  to  the  original  theory  of 
field  desorbed  ion  formation  (7) ,  subjecting  the  adsorbed  molecules  to  a 
high  (>  107  V/cm)  electric  field  sufficiently  distorts  the  potential  energy 
surfaces  of  the  neutral  and  ionic  states  that  electron  transfer  from  the 
molecules  to  the  FD  emitter  can  occur.  The  positive  ions  formed  on  the 
surface  are  subsequently  repelled  and  thus  desorbed  by  the  electric  field. 

Field  desorption  is  a  term  normally  applied  only  to  molecules  already 
present  on  the  emitter  surface  usually  as  a  result  of  deposition  from 
solution.  Field  ionization  is  the  term  used  when  the  molecules  are  supplied 
via  the  gas  phase  onto  the  field  anode.  Two  mechanisms  are  possible  for 
field  ionization:  first,  physical  adsorption  of  the  sample  onto  the  emitter 
followed  by  field  desorption,  and  second,  tunneling  of  an  electron  from  the 
sample  into  the  emitter  as  the  gaseous  molecules  pass  through  the  high 
field  region  near  the  emitter  (3),  For  purposes  of  discussing  ionization 
mechanisms,  we  will  include  field  ionization  by  adsorption-field  desorption 
in  the  same  category  as  simple  field  desorption.  Furthermore,  we  will  use 
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the  term  "surface  reaction"  for  those  field  desorption  processes  in  which 
the  ion  is  formed  by  addition  of  a  preexisting  cation  (such  as  H+,  Na+, 

K+) to  an  adsorbed  neutral  molecule  or  by  fragmentation  of  an  adsorbed 
ion. 

Since  ion  formation  under  field  desorption  conditions  typically  re¬ 
sults  in  very  small  amounts  (~  0.1  eV)  (5)  of  excitation  energy  being 
transferred  to  the  ion,  ion  fragmentation  reactions  are  often  negligible. 
Both  the  small  degree  of  thermal  decomposition  and  minimal  ion  dissociation 
processes  result  in  mass  spectra  characterized  by  ion  signals  at  or  near 
the  mass  of  the  neutral  precursor  molecule  and  fragment  ion  signals  which 
result  from  simple  bond  cleavages.  Thus,  field  desorbed  mass  spectra  typi¬ 
cally  permit  direct  determinations  of  the  molecular  weights  of  molecules 
which  would  undergo  extensive  decomposition  and/or  fragmentation  if  it 
were  necessary  to  vaporize  the  molecules  before  ionization  as  is  required 
in  electron  impact  (El),  chemical  ionization  (Cl),  and  field  ionization 
(FI)  techniques. 

Numerous  examples  of  successful  application  of  FDMS  to  analysis  of 
compounds  of  biological  and  environmental  importance  are  in  the  litera¬ 
ture.  The  analysis  of  natural  products  such  as  sugars  (9),  nucleosides 
and  nucleotides  (10),  amino  acids  (11)  and  peptides  (12),  drugs  and 
metabolites  (13),  and  pesticides  (14)  are  examples  where  FDMS  has  pro¬ 
vided  mass  identification  as  well  as  structure  and  sequence  information. 
Despite  the  growing  number  of  successful  applications,  the  FD  method  of 
generating  mass  spectra  requires  a  high  degree  of  operator  skill,  often 
exhibits  poor  reproducibility  in  repetitive  determinations,  and  frequently 
does  not  produce  ions  from  neutrals  which  should  readily  ionize  under  FD 
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conditions.  In  addition,  it  has  been  recognized  since  the  onset  (1)  of 
analytical  FDMS  investigations  that  surface  reactions  play  a  major,  if 
not  dominant,  role  in  the  types  of  ions  formed.  The  formation  of  pro- 
tonated  molecular  ions  (MH)  +  ,  dimers  or  and  higher  cluster 

ions,  as  well  as  the  well  documented  cationization  (15)  process  [formation 
of  (MA)+  complexes  where  A  is  an  alkali  atom]  are  experimental  evidence 
for  the  predominance  of  surface  reactions  on  the  FD  emitter.  Recently, 
Holland  and  coworkers  (16)  have  proposed  that  surface  reactions  are  the 
dominant  ionization  mechanisms  observed  in  most  FDMS  studies.  The  role 
of  the  electric  field  between  the  FD  anode  and  cathode  (or  counter 
electrode)  according  to  these  investigators  is  only  to  reduce  the  activation 
energy  for  these  surface  reactions  and  assist  in  extracting  and  focusing 
the  ions  formed  on  the  surface. 

We  recently  initiated  a  research  program  designed  to  determine  the 
principle  mechanisms  contributing  to  ion  formation  under  nominal  field 
desorption  conditions.  The  initial  goals  of  this  research  program  were 
to  design  an  FD  mass  spectroraetric  system  which  had  the  ability  to 
distinguish  field  ionization,  field  desorption  and  surface  reaction 
(ionization)  processes.  The  system  we  developed  is  a  pulsed  field 
desorption  (PFD)  time-of-flight  (TOF)  mass  spectrometer.  In  operation, 
packets  of  ions  are  formed  from  molecules  adsorbed  on  the  FD  emitter  by 
applying  short  (50-150  ns)  high  voltage  pulses  (up  to  -2.2  kV)  to  the 
cathode  of  an  FD  source.  Mass  analysis  of  the  ions  is  obtained  from 
their  time-of-flight  from  source  to  detector.  The  mass  resolution  of 
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this  system  is  significantly  enhanced  compared  to  conventional  TOF  mass 
analysis  techniques  by  incorporating  an  ion  reflection  system  originally 
developed  by  Mamyrin  et  al.  (17). 

The  concept  of  producing  field  desorbed  ions  by  applying  short,  high 
voltage  pulses  to  a  FD  source  originated  with  the  initial  investigations 
of  field  evaporation  processes  (18-20)  in  which  singly  and  multiply 
charged  metal  ions  are  desorbed  from  a  metallic  emitter.  Subsequent 
investigations  (21-26)  of  the  surface  reactions  of  molecules  adsorbed  on 
to  FD  emitters  from  the  gas  phase  have  established  the  value  of  the  PFD 
technique  for  determining  the  mechanisms  of  proton  transfer,  catalysis 
and  polymerization  reactions.  The  PFD  technique,  however,  has  not  been 
applied  previously  to  studies  of  field  desorbed  ion  formation  from  non¬ 
volatile,  thermally  labile  compounds.  In  this  paper  we  discuss  the  design 
and  performance  of  the  mass  spectrometer  and  present  several  representative 
spectra  of  molecules  desorbed  from  the  surface  of  an  FD  emitter.  These  mass 
spectra  are  discussed  in  terms  of  the  predominant  mechanism  affecting 
ionization  and  are  compared  to  the  spectra  obtained  under  continuous  field 
desorption  conditions. 

EXPERIMENTAL 

A  schematic  of  the  TOF  apparatus  is  shown  in  Figure  1  and  consists 
essentially  of  the  following  :omponents: 

1.  An  FD  source  (emitter  and  80%  transmission  screen  counter 
electrode)  with  a  vacuum  lock  for  introducing  the  probe 
(emitter  holder)  into  the  vacuum  system  and  a  micrometer 
adjustment  for  positioning  the  emitter  with  respect  to 
the  counter  electrode.  Following  the  counter  electrode 
there  is  a  grounded  80%  transmission  grid. 
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2.  Ion  focusing  and  deflection  electrodes  consisting  of  a  cone 
shaped  (4.4  mm  long,  6.3  mm  O.D.  and  2.8  mm  I.D.)  focusing 
electrode,  two  sets  of  electrostatic  quadrupole  lenses  (27) 
and  a  pair  of  vertical  deflection  plates.  In  some  experiments, 
a  set  of  vertical  and  a  set  of  horizontal  deflection  plates 
following  an  Einsel  lens  were  used. 

3.  I  m  flight  path  between  the  source  and  the  ion  reflector. 

The  ion  beam  is  deflected  approximately  2°  from  the  horizontal 
by  the  quadrupole  lens  and  vertical  deflection  plates.  This 
separates  the  ion  beam  from  fast  neutrals  formed  in  the  source 
and  permits  positioning  the  ion  detector  directly  above  the 
source. 

4.  Ion  reflector  consisting  of  two  deceleration  stages.  The 
kinetic  energy  of  the  ion  beam  is  reduced  to  about  30%  of  its 
initial  value  in  the  first  decelerating  stage,  and  the  beam  is 
stopped  and  its  direction  of  travel  reversed  in  the  second  stage. 

The  reflected  ion  beam  then  returns  through  the  1  m  drift  space 

to  the  ion  detector  (channel  electron  multiplier,  Galileo  Electro- 
Optics  Corp.  Sturbridge,  MA,  model  4700)  located  above  the  source. 

In  some  experiments  a  multichannel  plate  electron  multiplier  was 
used . 

The  high  voltage  pulses  which  generate  packets  of  field  desorbed  ions  are  pro¬ 
duced  by  a  high  power  pulse  generator  (Cober  Electronics,  Inc.,  Stamfort,  CT, 
model  605  P),  and  the  synchronous  trigger  pulses  from  this  unit  are  used  to 
initiate  the  timing  sequence  of  the  detection  electronics.  These  trigger  pulses 
are  fed  to  a  variable  delay  pulse  generator  (Ortec,  Inc.,  Oak  Ridge.  TN,  model 
4L6  A)  which  initiates  a  start  pulse  on  a  time  to  pulse  height  converter  (TPHC, 
Ortec,  model  457).  The  delay  between  the  high  voltage  pulse  and  the  start 


of  the  TPHC  is  set  at  5  ms  or  more  which  is  sufficient  time  to  suppress 
any  pickup  of  the  counter  electrode  high  voltage  pulse  by  the  electron 
multiplier.  The  stop  pulses  to  the  TPHC  are  provided  by  the  amplified 
detected  ion  pulses  arriving  at  the  multiplier.  A  histogram  (ion  counts 
versus  ion  arrival  time)  is  accumulated  by  storing  the  TPHC  output  voltage 
pulses  in  a  4096  channel  multichannel  analyzer  (Ortec,  model  6240)  operated  in 
a  pulse  height  analysis  mode.  The  stored  arrival  time  spectrum  can  be  printed 
on  a  Teletypewriter,  plotted  on  an  X-Y  recorder,  and  manually  converted  to  a 
mass  spectrum  by  identifying  two  known  masses  in  the  spectrum  or  by  running 
a  calibration  spectrum.  Since  the  pulsed  mode  ion  detection  rate  is  typically 
much  less  than  one  ion  count  per  high  voltage  pulse  (pulse  frequencies  between 
8-10  kHz),  discrimination  against  higher  mass  ions  is  not  significant  with 
this  detection  system. 

As  mentioned  above,  the  reflector  enhances  the  mass  resolution  of  TOF 
mass  analysis.  The  ion  reflection  technique  results  in  second  order  time 
focusing  of  the  ion  beam  with  respect  to  ion  energy  so  that  the  time  spread 
in  the  flight  time  of  ions  at  a  particular  mass  is  simply  their  formation 
time  spread.  The  expression  for  the  mass  resolution  of  the  TOF  analysis 


reduces  to 


M/AM  =  t/2At 


under  these  conditions,  where  t  is  the  total  flight  time  and  At  is  the  width 
of  the  ion  formation  pulse. 

The  ion  reflector  used  in  our  mass  spectrometer  is  shown  in  Figure  2. 

Its  design  is  based  on  the  original  description  of  the  ion  reflection  tech¬ 
nique  presented  by  Mamyrin  et  al.  (17).  The  ion  deflector  is  approximately 
15.2  cm  in  overall  length  and  was  constructed  by  stacking  12.1  cm  O.D.  by  9.53  cm 
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I.D.  stainless  steel  plates  (0.38  mm  thick)  on  six  ceramic  rods.  The 
length  of  the  two-stage  deceleration  and  reflection  lens  is  determined  by 
the  overall  field  free  flight  path  of  the  ions  ({,^+i =  L  in  Figure  1) 
which  for  our  system  is  2  m.  The  initial  deceleration  stage  consists  of 
two  plates  spaced  1.6  cm  apart  (d^  in  Figure  1).  This  length  is  approxi¬ 
mately  0.008  L.  These  two  plates  are  covered  with  a  98%  transmission 
nickel  grid  in  order  to  maintain  field  uniformity  between  the  plates.  The 
reflection  stage  of  this  lens  consists  of  seventy  plates  spaced  80.4  um 
apart  using  ceramic  washers,  and  its  overall  length  is  12.2  cm  (d  in  Figure 
1) .  This  length  is  approximately  0.06  L.  The  necessary  uniform  electric 
field  in  the  reflection  stage  is  achieved  by  a  string  of  resistors  (100  kft) 
extending  from  the  back  mounting  plate  to  the  decelerating  plate.  A  1.27  cm 
hole  was  drilled  in  the  center  of  the  back  mounting  plate  and  a  channel 
electron  multiplier  was  positioned  about  0.63  cm  behind  this  plate.  This 
auxiliary  multiplier  (Galileo,  model  4700)  permits  tuning  the  source  ion 
optics  for  maximum  ion  transmission  into  the  reflector  when  the  deceleration 
and  reflection  voltages  are  off. 

Most  of  the  mass  spectra  discussed  in  this  paper  were  obtained  using 
activated  (carbonaceous  dendrites)  tantalum  foils  (38.1  pm  thick).  However, 
an  emitter  system  based  on  the  silicon  whisker  production  technique  of  Matsuo 
and  coworkers  (28)  was  also  evaluated.  The  emitters  themselves  were  constructed 
from  tungsten  posts  (12.7  mm  x  1.59  mm)  that  were  polished  flat  using 
Emory  No.  600  paper  followed  by  Emory  4/0  polishing  paper.  The  tungsten 
posts  were  ultrasonically  cleaned  in  water  and  methanol,  and  a  layer  of  gold 
was  vacuum  deposited  on  the  flat  surface.  An  array  of  the  tungsten  rods 
was  placed  in  a  stainless  steel  heater  block  equipped  with  a  thermocouple. 
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The  block  was  . eated  to  630°C  in  an  atmosphere  of  argon  (250  torr) .  The 
chamber  was  quickly  evacuated,  power  to  the  heater  was  reduced,  and  5% 
silane  in  95%  argon  (200  torr)  was  introduced.  By  this  time  the  thermo¬ 
couple  read  620°C.  A  mat  of  silicon  whiskers  was  produced  within  30  s, 
silane  and  argon  were  pumped  out,  and  the  heater  was  allowed  to  cool  to 
room  temperature. 

A  direct  inlet  probe  (Figure  3)  was  constructed  to  accept  the  silicon 
whiskered  tungsten  posts.  The  probe  was  provided  with  a  heater,  a  thermo¬ 
couple,  and  a  micrometer  for  adjusting  the  emitter-to-counter  electrode 
distance.  The  counter  electrode  consisted  of  a  nickel  grid  with  lines 
spaced  every  0. 1  mm  (80%  transmission).  The  emitter  to  counter  electrode 
spacing  was  approximately  0.025  mm  for  the  carbon  emitters  and  0.150  mm 
to  0.250  mm  for  the  silicon  emitters.  Both  carbon  and  silicon  emitters 
were  operated  at  +1.2  kV  (V  ) .  Thus  the  ions  nominally  have  1.2  kV  of 
kinetic  energy  in  all  of  the  field  free  regions  of  the  flight  tube.  The 
amplitude  of  the  high  voltage  counter  electrode  pulses  was  typically 
-2.0  to  -2.2  kV.  A  dc  bias  of  +0.3  to  0.6  kV  was  applied  to  the  counter 
electrode  to  reduce  ion  desorption  between  pulses.  The  voltages  on  the 

ion  reflector  were  typically  0.7  V  and  1.15  V  for  the  deceleration  and 

o  o 

reflection  stages  (V  and  V  in  Figure  1),  respectively.  The  mass  scale 

UK 

was  calibrated  by  bleeding  acetone,  xylene  or  methyl  salicylate  vapor 
(pressure  =  0.10  x  10  ^  torr)  into  the  source  chamber,  and  recording 
calibration  spectra.  The  carbon  emitters  were  heated  indirectly  by 
resistive  heating  of  the  source  housing,  and  the  temperature  of  the 
emitter  was  determined  using  a  thermocouple  mounted  in  close  proximity 
to  the  copper  emitter  holder. 
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RESULTS  AND  DISCUSSION 


The  initial  experiments  performed  with  this  apparatus  were  directed 
toward  evaulating  its  performance  with  regard  to  reflected  ion  collection 
efficiency,  sensitivity  and  mass  resolution.  The  molecules  used  in  these 
evaulations  were  methyl  salicylate  (introduced  from  the  gas  phase)  and 
perylene  (dilute  solution  placed  directly  on  the  emitter) .  Although 
these  molecules  have  sufficient  vapor  pressure  to  be  field  ionized  near 
the  emitter,  our  results  indicate  that  the  primary  ionization  mechanism 
under  pulsed  field  conditions  is  field  desorption  or  field  induced  sur¬ 
face  reactions. 

Methyl  salicylate  (M.W.  =  152)  was  used  to  determine  the  reflected 
ion  collection  efficiency  of  the  TOF  apparatus.  This  efficiency  was 
determined  by  operating  the  system  in  a  continuous  mode,  i.e.,  by  applying 
a  dc  voltage  of  -1.7  kV  to  the  counter  electrode  and  measuring  the  ion 
signal  collected  at  the  multiplier  behind  the  reflector  with  the  reflection 
voltages  off.  The  reflection  voltages  were  then  turned  on  and  the  reflected 
ion  signal  was  collected  on  the  detector  multiplier.  With  a  pressure  of 
about  1x10  ®  torr  of  methyl  salicylate  in  the  apparatus,  the  unreflected 
ion  signal  was  typically  between  2x10^  and  3x10^  counts  per  second.  The 
magnitude  of  this  signal  seemed  to  depend  primarily  on  the  condition  of 
the  emitter  (age  and  extent  of  activation).  With  the  reflection  voltages 
on,  the  ion  signal  collected  at  the  detector  varied  between  1.6  and  3.0x10 
counts  per  second  which  yields  a  reflected  ion  collection  efficiency  of  8 
to  10%  of  the  ions  entering  the  reflector. 


An  example  of  the  mass  resolution  obtained  with  our  apparatus  is 
shown  in  Figure  4,  which  is  an  expanded  arrival  time  spectrum  of  the  M+ 
and  (M+l)  +  ions  of  methyl  salicylate.  The  ion  formation  pulses  applied 
to  the  counter  electrode  were  150  ns  wide  (full  width  at  half  maximum, 

FWHM) ,  the  peak  pulse  voltage  was  -2.0  kV  (120  ns  wide  at  the  peak),  and 

the  pulse  repetition  rate  was  8.3  kHz.  The  emitter  temperature  was  60°C. 

+  1 

This  spectrum  was  accumulated  for  400  s  and  the  intensity  of  the  M  and 
(MFl)  +  ion  represent  about  10%  of  the  total  collected  ion  signal.  The 
mass  resolution  was  calculated  to  be  277  using  the  FWHM  of  the  M  peak 
at  At.  Resolution  using  silicon  emitters  was  typically  240-280. 

Several  experiments  help  to  establish  which  factors  are  important  in 
determining  the  resolution  of  the  apparatus.  Note  that  the  flat  disk-shaped 
ion  packet  produced  by  the  silicon  emitters  is  well  suited  to  the  geometry 
of  the  TOF  mass  spectrometer.  Nevertheless,  instrument  resolution  did  not 
depend  significantly  on  the  emitter  (silicon  on  tungsten  rods  or  carbon  on 
tantalum  foil).  The  emitter  to  counterelectrode  distance  (0.025  to  0.250  mm) 
also  had  little  effect.  Several  variations  of  focus  element  shape  and  spacing 
failed  to  produce  significant  improvement  in  resolution.  Since  ions  can  strike 
the  cathode  over  a  3-4  mm  distance  along  the  axis  of  a  continuous  dynode 
electron  multiplier,  a  distribution  in  the  flight  paths  of  the  ions  and  thus 
the  arrival  time  of  the  secondary  electrons  at  the  anode  of  the  multiplier 
could  conceivably  be  observed.  However,  substitution  of  a  (flat)  multichannel 
plate  type  electron  multiplier  (Galileo  3040-B-00MMA)  for  the  original  channel 
electron  multiplier  showed  that  this  was  not  the  limiting  factor  in  deter¬ 
mining  resolution.  The  shapes  of  the  M*  peaks  were  also  observed  to  be  > 
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essentially  constant  as  the  pulse  width  was  increased  from  50  to  200  ns 
and  it  was  only  at  the  400  ns  setting  that  the  peak  exhibited  noticeable 
broadening  as  illustrated  in  Figure  5  for  methyl  salicylate. 

The  main  factor  which  limited  instrument  resolution  proved  to  be 
variability  in  ion  energy.  In  a  series  of  experiments  with  methyl  sali¬ 
cylate,  a  peak  width  at  half  height  of  160  ns  was  observed  using  140  ns 
high  voltages  pulses.  A  "hard"  reflector  consisting  of  a  grid  at  +1500  V 
(VQ)  was  used  to  reflect  the  ions  back  to  the  detector  without  energy 
focusing.  Using  a  140  ns  pulse  width,  the  full  width  at  half  height  of 
the  M+  peak  was  3.8  us  and  the  mean  arrival  time  was  54.9  us.  This  peak 
has  a  wide  bottom;  full  width  at  10%  height  was  13.4  us.  The  peak  width 
corresponds  to  an  energy  spread  of  13.2%  at  half  height  and  24.7%  at  10% 
height.  Based  on  the  theory  of  electrostatic  reflectors  (17)  and  the  geometry 
of  our  particular  instrument,  we  expected  energy  spreads  of  about  10%  to  be 
adequately  focused.  In  an  experiment  with  the  "hard"  reflector  using  500  ns 
high  voltage  pulses,  the  full  width  at  half  height  was  only  9.7%. 

From  these  experiments  we  have  drawn  three  conclusions: 

1.  The  electrostatic  reflector  successfully  compensates  for  much 
of  the  wide  energy  spread. 

2.  However,  the  wide  energy  spread  is  ultimately  the  limiting  factor 
in  instrument  resolution. 

3.  The  source  of  the  high  energy  spread  is  the  interaction  of  the 
ion  packet  with  the  pulse  itself.  This  is  largely  unavoidable 
because  ions  travel  such  a  short  distance  during  the  50  to  200  ns 
duration  of  the  pulse.  With  longer  pulse  duration,  most  of  the 
ions  are  in  the  field  free  region  before  the  pulse  turns  off. 
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Those  ions  which  have  not  reached  the  grounded  grid  by  the  time 
the  pulse  ends  have  more  than  1200  eV  of  kinetic  energy.  This 
is  because  the  region  between  the  counter  electrode  and  the 
grounded  grid  accelerates  ions  after  the  pulse  ends.  Ions  with 
less  than  1200  eV  of  kinetic  energy  are  formed  because  of  the 
finite  rise  time  (^15  ns)  of  the  pulse.  As  the  high  voltage 
pulse  width  increases,  the  fraction  of  ions  with  too  much  or 
too  little  energy  decreases.  Thus  TOF  mass  spectra  acquired 
with  longer  pulse  widths  are  less  affected  by  energy  spreads 
too  wide  to  be  focused. 

The  longest  high  voltage  pulse  width  (400  ns)  used  to  acquire  the 
spectra  in  Figure  5  produced  a  peak  (m/z  152)  consisting  of  an  ion  "burst" 
followed  by  a  long  "tail"  to  later  arrival  times.  A  relatively  large 
number  of  ions  are  apparently  formed  at  the  beginning  of  each  pulse.  During 
long  pulses  the  rate  of  formation  of  ions  falls  off  and  approaches  a  con¬ 
stant  level.  This  level  reflects  the  rate  at  which  sample  is  supplied  to 
the  active  regions  of  the  emitter.  The  rate  controlling  supply  step  might 
be  migration  of  adsorbed  molecules  over  the  emitter  surface  from  an  inactive 
region  to  an  active  region,  or  the  slow  step  might  be  resupply  of  sample  to 
the  emitter  from  the  gas  phase.  A  mechanism  in  which  ions  are  formed  as  gas 
phase  sample  molecules  pass  near  the  emitter  is  not  consistent  with  the 
initial  ion  burst.  The  data  in  Figure  5  suggest  that  50  and  100  ns  pulses 
do  not  deplete  the  active  emitter  sites  and  that  200  ns  pulses  are  just 
beginning  to  cause  sample  depletion. 

The  overall  sensitivity  of  the  pulsed  field  desorption  technique  was 
determined  using  perylene  as  the  sample  compound.  Approximately  100  ng  of 
perylene  dissolved  in  toluene  was  placed  on  the  emitter  and  the  mass  spectrum 
was  obtained  at  an  emitter  temperature  of  100°C.  The  potential  on  the  emitter 
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and  reflector  as  well  as  the  amplitude,  duration  and  repetition  rate  of 

the  counter  electrode  pulses  were  the  same  as  those  used  in  the  methyl 

salicylate  spectrum  in  Figure  4.  The  complete  mass  spectrum  for  pervlene 

is  shown  in  Figure  6.  In  addition  to  intense  signals  observed  at  the  M+ 

and  (M+l)+  positions  of  the  perylene  ion,  we  observe  a  number  of  ions  with 

masses  below  ~  100.  The  most  intense  of  the  majority  of  these  lower  mass 

ions  are  spaced  14  mass  units  apart  and  are  attributed  to  the  presence  of 

hydrocarbons  on  the  emitter.  These  peaks  are  always  present  when  emitters 

activated  with  carbon  dendrites  are  used.  They  are  not  observed  using 

silicon  on  tungsten  emitters.  The  FWHM  of  the  M+  peak  of  perylene  is  127 

ns  which  corresponds  to  a  r. solution  of  275  [Eq.  (1)],  essentially  the 

same  resolution  observed  in  the  methyl  salicylate  spectrum.  The  M+  and 

(M+l)+  peaks  are  not  completely  resolved  because  of  the  tailing  of  the  M+ 

*4"  A 

peak.  The  sum  of  the  ion  counts  in  the  M  and  (M+l)  peaks  is  3.38x10 
which  constitutes  6.2%  of  the  total  ion  counts  for  the  spectrum.  The 
sensitivity  of  the  PFD-TOF  system  for  perylene  is  calculated  to  be  1.4x10  ^ 
ions/molecule  (5.4x10  ^  coulomb/ug)  which  compares  favorably  to  the  sensitivity 

reported  for  commercially  available  FDMS  systems.  Using  silicon  emitters, 

3  -11 

6.4x10  ions  were  produced  from  100  ng  perylene  (2.7x10  ion/molecule). 

To  demonstrate  the  application  of  the  pulsed  field  desorption  tech¬ 
nique  to  the  analysis  of  thermally  labile  compounds,  we  obtained  the  mass 
spectra  of  samples  of  the  amino  acid  arginine  and  the  nucleoside  adenosine. 

With  regard  to  arginine,  ions  characteristic  of  the  intact  amino  acid  are 
not  observed  under  El,  Cl  or  FI  conditions  (14,  29),  although  quasi- 
molecular  ions  can  be  obtained  with  FD,  rapid  heating,  and  plasma  desorption 
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techniques  (11,  30,  31).  This  compound  is  therefore  a  good  test  sample 


for  checking  the  performance  of  t 'le  PFD  technique  and  comparing  the  mass 
spectra  obtained  under  pulsed  conditions  with  continuous  FD  mass  spectra. 

The  complete  PFD  mass  spectrum  of  arginine  is  shown  in  Figure  7 ,  and 
this  same  spectrum  expanded  about  the  150  to  200  amu  range  is  shown  in 
Figure  8.  This  spectrum  was  obtained  in  400  s  from  a  sample  of  approxi¬ 
mately  100  ng  of  arginine  placed  on  a  carbon  emitter.  The  width  of  the 
counter  electrode  pulses  was  150  ns  (FWHM)  and  the  emitter  temperature  was 
approximately  200°C.  The  other  experimental  conditions  were  the  same  as 
those  discussed  above  for  methyl  salicylate  and  perylene.  The  complete 
mass  spectrum  (Figure  6)  shows  that  the  major  ions  resulting  from  arginine 
are  the  (MH)+  ion  at  mass  175  and  (MH)  -  NH^  ion  at  mass  158.  These  two 
ions  constitute  1.5%  of  the  total  ion  counts  for  this  spectrum.  Ions  pro¬ 
duced  by  cationization  of  arginine  by  Na+  are  evident  at  m/z  297:  (MNa)+ 
and  180:  (MNa)  -  NH^.  In  addition  to  the  low  mass  hydrocarbon  background 
present  with  carbon  emitters,  the  arginine  spectrum  has  intense  signals  at 

masses  23  and  39  (base  peak)  corresponding  respectively  to  desorption  of 
*4*  4* 

Na  and  K  from  the  emitter.  Since  this  is  the  only  PFD  spectrum  in  which 
these  ions  were  observed,  either  the  sample  solution  was  contaminated  with 
sodium  and  potassium  salts,  or  the  efficiency  of  field  desorption  was 
unusually  high  for  this  emitter.  Considering  the  expanded  mass  spectrum 
(Figure  8),  the  FWHM  time  spread  of  the  major  peaks  is  approximately  120  ns 
from  which  the  mass  resolution  at  the  (MH)+  peak  is  calculated  to  be  250. 
The  other  ion  signals  at  m/z  values  higher  than  the  (MH)+  ion  are  probably 
the  result  of  cationization  reactions  of  the  sodium  and  potassium  ions  with 
arginine  on  the  emitter  surface. 


The  relative  intensities  of  the  ion  signals  originating  from  arginine 
obtained  under  pulsed  and  continuous  FD  (11)  conditions  are  compared  in 
Table  1.  It  is  quite  apparent  from  this  table  that  the  arginine  molecule 
undergoes  significantly  less  fragmentation  in  the  PFD  mode  indicating 
that  less  energy  is  deposited  in  the  molecule  during  ionization.  This  lower 
degree  of  excitation  in  the  pulsed  experiment  may  either  be  the  result  of 
the  lower  emitter  temperature  used  in  the  PFD  work  (200  C°  versus  220°C  for 
the  continuous  spectrum)  or  the  reduced  extent  of  negative  ion  bombardment 
of  the  emitter  under  the  pulsed  conditions. 

Both  the  pulsed  and  continuous  FD  spectra  of  this  compound  indicate 
that  surface  reactions,  in  particular  proton  transfer,  are  the  major  ion 
formation  processes.  This  is  clearly  evident  in  the  expanded  PFD  spectrum 
(Figure  8)  which  shows  a  total  absence  of  the  M*  ion  of  arginine. 

The  PFD  mass  spectrum  of  adenosine  is  illustrated  in  Figure  9.  This 
spectrum  was  obtained  from  a  100  ng  sample  with  the  same  experimental  con¬ 
ditions  used  in  obtaining  the  arginine  spectrum.  The  M+-  and  (MH)+  ions 
are  the  major  adenosine  peaks  in  this  spectrum  and  constitute  about  4.4%  of 
the  total  ion  count.  The  FWHM  time  width  of  the  (MH)+  base  peak  is  150  ns 
resulting  in  a  mass  resolution  of  230.  A  comparison  of  the  relative  ion 
intensities  obtained  for  this  molecule  with  the  pulsed  and  continuous  FD 
(2)  techniques  is  given  in  Table  2.  It  appears  that  the  main  differences 
in  the  respective  relative  intensities  are  related  to  differences  in  surface 
reactions.  For  example,  the  presence  of  the  signal  at  mass  237  in  the  pulsed 
spectrum  may  result  from  loss  of  the  Cl^OH  radical  from  surface  protonated 
adenosine,  or  by  loss  of  formaldehyde  from  surface  bound  M*.  The  resulting 
ion  would  then  be  desorbed  from  the  emitter,  possibly  leaving  the  CH^OH  group 
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or  Cl^O  bound  to  the  surface.  The  signal  at  mass  31  (CH?OH)+  could  then 
result  from  either  protonation  of  surface  bound  formaldehyde  or  loss  of 
an  electron  from  surface  bound  CH^OH  radical  followed  by  desorption  of 
(CH^OH)  .  Thus  it  is  possible  that  both  fragments  could  appear  as  ions. 

The  peaks  at  m/e  134  and  135,  (C^H^qO^)*,  and  (C^H^N^)*  respectively, 
might  also  arise  by  way  of  surface  reactions  from  two  ions  both  of  which 
are  fragments  of  the  same  original  molecule. 
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CONCLUSIONS 


The  results  presented  In  this  paper  demonstrate  that  the  pulsed 
field  desorption  technique  is  valuable  for  investigating  the  formation 
of  ions  from  molecules  adsorbed  on  surfaces.  The  coupling  of  the  PFD 
technique  with  time-of-f light  mass  analysis  demonstrates  that  field 
ionization  does  not  occur  as  gaseous  sample  molecules  pass  through  the 
high  field  region  near  FD-FI  emitters.  The  incorporation  of  the  ion 
reflection  technique  enhances  the  mass  resolution  of  the  TOF  mass  analysis 
to  the  extent  that  ion  arrival  time  widths  are  direct  indications  of  ion 
formation  time,  and  it  maintains  the  high  ion  collection  efficiency  charac¬ 
teristic  of  TOF  mass  analysis.  Silicon  emitters  produced  satisfactory 
results  in  FI  experiments. 
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Table  1 

Comparison  of  the  Relative  Ion  Intensities  of  Pulsed  and 
Continuous  FD  Mass  Spectra  of  Arginine 


Fragment 

Mass 

Relative  Intensity 

(m/z) 

PFD 

Continuous  FD  ( 

<MH)+  -  (CH4N3)‘ 

117 

0 

30 

(MH)+  -  NH3 

158 

49 

100 

(MH)+ 

175 

100 

27 

T 

» 
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Table  2 


Comparison  of  the  Relative  Ion  Intensities  of  Pulsed  and 
Continuous  FD  Mass  Spectra  of  Adenosine 


Relative  Intensit) 


ss 

/*> 

r  L  a&uicm- 

PFD 

Continuou 

31 

(CH2OH)+ 

48 

15 

32 

(CH3OH)^ 

0 

8 

133 

(C5H9°4)  + 

27 

80 

134 

<Cs“lO°4,t 

23 

0 

135 

(C5H5N5)t 

15 

7 

237 

(MH)+  -  (CH2OH) • 

24 

0 

267 

M* 

69 

100 

268 

(MH)  + 

100 

98 
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FIGURE  CAPTIONS 


Figure  1  Schematic  diagram  of  pulsed  field  desorption  mass  spectrometer 
illustrating  the  flight  path  of  ions  from  the  source  to 
detector.  (The  amplifier-discriminator  is  an  Ortec,  model  9302). 

Figure  2  Photograph  of  the  ion  reflector  showing  the  deceleration  and 
reflection  stages  and  the  resistor  string  extending  from  the 
back  plate  to  the  decelerator  plate. 

Figure  3  Probe  for  use  with  silicon  emitters.  Note  that  the  inner  and 
outer  Vespel  portions  are  connected  to  a  metal  rod  and  tube 
respectively  with  o-ring  vacuum  seals. 

Figure  4  Expanded  PFD  arrival  time  spectrum  of  the  M+  and  (M+l)+  ions 
of  methyl  salicylate.  The  mass  resolution  of  the  M+  peak  is 
calculated  from  At. 

+  + 

Figure  5  Expanded  PFD  arrival  time  spectrum  of  the  M  and  (M+I)  ions 
of  methyl  salicylate  obtained  with  four  different  settings  of 
the  counter  electrode  pulse  width. 

Figure  6  PFD  mass  spectrum  of  perylene  used  for  sensitivity  calculation. 

Lower  mass  peaks  in  the  spectrum  are  attributed  to  hydrocarbon 
impurities  on  the  emitter. 

Figure  7  PFD  mass  spectrum  of  arginine  illustrating  the  peaks  at  (MH)+ 

and  (MH)+  -  NH^  as  well  as  the  intense  signals  at  m/z  =  23(Na+)  and 
m/z  *  39(K+) . 

Figure  8  Expanded  PFD  mass  spectrum  of  arginine  over  the  mass  range 
between  150  and  200  amu. 

Figure  9  PFD  mass  spectrum  of  the  nucleoside  adenosine. 
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